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Abstract 
Gravity models have been utilized by many applied econometricians for analyzing the effect of public policies. 
The traditional estimation had to log-linearized and estimated by OLS but its results get inconsistent when facing 
zero-valued bilateral trade flows or heteroskedasticity. Although Poisson pseudo maximum likelihood estimator 
gives consistent parameters when heteroskedasticity occurs but it has got a problem when zero flows arise. 
Therefore this paper desires to propose a simple estimation that gives consistent parameters, robust to both 
different forms of heteroskedasticity and zero flows. This paper used simulation to compare the performance of 
different estimators. From the result, I suggest that we should estimate gravity equation by two steps estimation 
method and use Negative binomial pseudo maximum likelihood estimator in the second step when both 
heteroskedasticity and zero flows occur because it gives consistent parameter, robust to different forms of 
heteroskedasticity and greatly deal with zero flows. 
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1. Introduction 
International trade, which is the exchange across nation border of goods, services and factors, creates 
the many benefits that accompany increased exchange. Countries’ welfare is improved by international 
trade because of efficiency gain. Therefore all governments of each country desire to expand their trade 
with others for improving their welfare by increase the value of encouraging determinant or decrease 
the value of impediment. Gravity models explain the bilateral trade flows (or volume of trade) between 
two partners is determined by their economy size and distance. These models have been utilized by 
many applied econometricians for analyzing the effect of various public policies to trade flows because 
of the good empirical result and high explanatory power. The traditional estimation had to log-
linearized gravity equation and then used ordinary least squares (OLS) method for estimating 
parameters. In the present both of zero-valued bilateral trade flows (zero flows) or heteroskedasticity, 
using OLS will get inconsistent parameters because it is faced with logarithm infeasibility or Jensen’s 
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inequality problems. Hence the explanation effects of policies to trade flows is distorted; consequently 
the using policy implication does not effectiveness. Silva and Tenreyro (2006) suggested Poisson 
pseudo maximum likelihood (PPML) estimator for estimating gravity models because it gives 
consistent parameters, robust to different forms of heteroskedasticity and technically deal with zero 
flows data. Moreover this method is easy to apply because there are standard programs such as Stata. In 
case of many zero flows, the PPML method has an important drawback that is the number of observed 
zero flows exceeds the number of zero flows predicted by the model. Therefore this paper desires to 
propose a simple estimation that gives consistent parameters, robust to both different forms of 
heteroskedasticity and zero flows. This paper is organized as follows. Section 2 presents the 
methodology. Section 3 reports and discusses the simulation result. Section 4 concludes the paper. 
2. Methodology 
2.1. Two steps estimation for bilateral trade flows 
Since the standard gravity model cannot easily deal with zero flows, then this paper use the idea of 
Heckman selection model (Heckman (1979)) for producing zero flow observations and deal with the 
heteroskedastic problem. The sample selection of bilateral trade model consists of two equations. First, 
selection mechanism, the selection equation determines whether or not bilateral trade between two 
countries in the sample is observed. This paper assumes that selection process reflects decisions on the 
basis of comparing profitability of bilateral trade transactions and explanatory variables are the same as 
regression equation. Second, regression model (gravity equation), the equation determines the potential 
size of trade. The selection equation can be expressed as 
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ijZ  is profitability function of country i trade with country j but, in practice, we cannot observe the 
value. Then I use the index function, *Zij , that is recorded as 1 when country i gets profit (positive flow 
observations) and recorded as 0 when does not (zero flow observations). ix is the set of covariates, J  is 
unknown parameters, iw is the standard normal error terms. Regresstion (gravity) equation can be 
expressed as 
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ijT is bilateral trade flows, ix is the set of covariates, E  is unknown parameters and iK is the error terms 
with mean equal to 1 and variance equal to 2iKV  conditional on positive trade flow observations. The 
traditional gravity equation can be expressed as 0 1 2 3exp(ln ln ln ln )ij i j ij iT Y Y DE E E E K     where iY is an 
economic size of country i, jY  is an economic size of country j and ijD is distance between country i and 
country j. Combine equation (1) and (2), the equation can be expressed as 
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Equation (3) explains the occurrence of zero flows observations because country i cannot get any 
profitability of transaction with country j. This paper assumes probability of country i trade with 
country j is ( ) ( 0)ij ij i ip p x p K  !  then the mean of bilateral trade flows when occurrence of zero flows 
should be ( ) exp( )ij i ij iE T x p x Ec  and the stochastic version has the form as 
 
exp( )ij ij i iT p x vEc   (4) 
 
iv is the error terms with mean equal to 1 and variance equal to 2viV . In the presence of zero flows, we 
should estimate gravity equation by using equation (4) instead of equation (2). The reason is equation 
(2) omits the variable, ijp , consequently the estimators will give inconsistent parameters. When zero 
flows occur, I suggest that the estimation method of equation (4) should be divided into two steps and 
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called it as two steps estimation. First step, we should estimate the probability of country i trade with 
country j, ijp , by using Probit estimator and then get ˆ ijp  for correction the variable bias. Second step, 
we should estimate E  from * *exp( )ij i ijT x vEc , where * ˆ/ij ij ijT T p , by using the estimator that is robust to 
different forms of heteroskedasticity. For robust estimator, this paper uses simulation for compare the 
performance of different estimators by using bias criterion. 
2.2. Simulation study 
This paper investigates the robustness of various estimators in the presence of different forms of 
heteroskedasticity and zero flows observations. The simulation study is designed to assess the 
performance of different estimators for estimating gravity equation in the presence of different forms of 
heteroskedasticity and zero flow observations. The criterion that this paper uses to compare the various 
estimators is bias. These experiments are centered around the following multiplicative model: 
 
0 1 1 2 2( ) exp( ) exp( ), 1,...,1000ij i ij i ij i iE T x p x p x x iE E E Ec      (5) 
 
1ix is drawn from a standard normal with mean 2 and variance 1 and 2ix is a binary dummy variable that 
equal 1 with a probability of 0.6. Since, in practice, gravity models often include a mixture of 
continuous and dummy variables, this paper replicates this feature in the experiments. The two 
covariates are independent using 0 1 20.4, 0.8, 0.6.E E E     Data on ijT  are generated as 
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iK is the log-normal distribution with mean equal to 1 and variance equal to 2iKV . *Zij  is the index 
function as following equation: 
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where ijZ  is profitability function of country i trade with country j  and generated as 
 
0 1 1 2 2ij i i iZ x x wJ J J      (8) 
 
where 0 1 20.77, 0.6, 0.8.J J J     iw is the standard normal error terms. This process creates zero flows 
about 25%. 
 
This paper studies the performance of the following estimators: 
x OLS:        Ordinary least squares estimator of the log-linear model. (Using only positive trade flows) 
x NLS:        Standard non-linear least squares estimator. 
x PPML:     Poisson pseudo-maximum likelihood estimator. 
x GPML:    Gamma pseudo-maximum likelihood estimator. 
x NBPML:  Negative binomial pseudo-maximum likelihood estimator. 
 
To assess the performance of the estimators under different forms of heteroskedasticity, this paper 
considers the following specification of 2iKV : 
x Case 1 2 0.25iKV   
x Case 2   12 0.25* ( , 0)i ij i ijE T x TKV  !  
x Case 3   22 0.25* ( , 0)i ij i ijE T x TKV  !  
x Case 4   12 0.25* 1 ( , 0)i ij i ijE T x TKV ª º  !« »¬ ¼  
 
This paper estimates the trade flow data of equation (6) in two groups of estimation method for 
consider the effect of zero flow observations. First group, called it as one step estimation method, 
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estimates E  from 0 1 1 2 2exp( )ij i i iT x xE E E K    by using OLS, NLS, PPML, GPML and NBPML to assess 
which one is robust to different forms of heteroskedasticity. Second group, called it as two step 
estimation method, I have suggested to estimate equation 0 1 1 2 2exp( )ij i i iT x xE E E K    when zero flows 
occur by two step estimation from section 2.1. First step I use Probit estimator for estimate the 
probability of country i trade with country j, ijp  by using equation 0 1 1 2 2exp( )ij i i iT x xJ J J Kc     where 
1 0 0 0ij ij ijT if T and if Tc  !  . Second step I use OLS, NLS, PPML, GPML and NBPML for estimate E  
from * *0 1 1 2 2exp( )ij i i iT x xE E E K    to assess which one is robust to different forms of heteroskedasticity  
where * ˆ/ij ij ijT T p .  
 
3. Simulation result 
Table 1. Simulation results under different forms of heteroskedasticity and 25% of zero flows 
observations. 
 
From Table 1, OLS estimator is the best (least bias) in the first group of all estimators in one step 
estimation and quite robust to different forms of heteroskedasticity. For other estimators in one step 
estimation is extremely worse bias compare with OLS estimator. In the second group of estimation 
method (two step estimation), OLS is the worst among all estimators and not robust to all different 
forms of heteroskedasticity. The bias of all estimators in two step estimation, except OLS, is better than 
one step estimation. The reason is that the one step estimation omits variable bias and for two steps 
estimation fixes the omitted variable problem. NBPML in two steps estimation is almost the best 
(nearly the least bias) among all estimators in the second group and robust to different forms of 
heteroskedasticity (the bias value is a little change). Therefore, one step OLS (standard OLS) and two 
  Bias     Bias 
 One step estimation  1E      2E     Two step estimation 1E   2E  
   Case 1     
PPML 0.10921 0.16568  PPML 0.00483 0.00113 
NBPML 0.18322 0.26010  NBPML -0.00354 0.00027 
GPML 0.22148 0.31678  GPML -0.00871 -0.00013 
NLS 0.05758 0.09189  NLS 0.00698 0.00058 
OLS 0.00003 0.00027  OLS -0.18765 -0.26820 
   Case 2    
PPML 0.10973 0.16543  PPML 0.00530 0.00099 
NBPML 0.18337 0.25986  NBPML -0.00333 0.00013 
GPML 0.22172 0.31674  GPML -0.00821 0.00008 
NLS 0.05359 0.09064  NLS 0.00339 -0.00062 
OLS 0.02133 0.01722  OLS -0.16634 -0.25125 
   Case 3    
PPML 0.10976 0.16536  PPML 0.00533 0.00092 
NBPML 0.18333 0.25976  NBPML -0.00327 0.00013 
GPML 0.22189 0.31689  GPML -0.00769 0.00059 
NLS 0.05358 0.09058  NLS 0.00338 -0.00067 
OLS 0.01740 0.01535  OLS -0.17027 -0.25312 
   Case 4    
PPML 0.10921 0.16574  PPML 0.00484 0.00121 
NBPML 0.18336 0.26022  NBPML -0.00324 0.00055 
GPML 0.22205 0.31729  GPML -0.00773 0.00079 
NLS 0.05766 0.09199  NLS 0.00705 0.00066 
OLS 0.01738 0.01423   OLS -0.17029 -0.25424 
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steps NBPML are the only two candidate estimators and estimation for estimating the gravity models 
under different form of heteroskedasticity and zero flow observations. The bias value of two steps 
NBPML almost beat (less bias) the one step OLS for all case of heteroskedasticity, except case 1, but 
the form of heteroskedasticity in case 1 is rarely found in practice. Therefore I suggest two step 
estimation method for estimate the gravity models when the occurrence of zero flows observations 
because this method fix the omitted variable bias. Moreover I suggest we should use NBPML for 
estimating in the second step. Notice, I also simulated the case of zero flows equal to 10% and 50%, 
the results is similar to this case (zero flows equal to 25%). 
 
4. Conclusion 
I suggest that we should estimate gravity equation by two steps estimation method and use Negative 
binomial pseudo maximum likelihood estimator in the second step when both heteroskedasticity and 
zero flows occur because it gives consistent parameter, robust to different forms of heteroskedasticity 
and greatly deal with zero flows.  
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